Ten years after his last treatment for diffuse large B-cell lymphoma, a seemingly healthy, 64-year-old man presented for his lymphoma-related follow-up. Ultrasound revealed an impressive tumor in the right adrenal gland. Due to recurrent cancer therapies in the past, this seemed highly suspicious of a second malignancy, such as primary adrenal carcinoma. Surprisingly, histology disclosed a very different but rare cause for this pseudotumorous lesion.
Introduction
One of the most serious late sequelae of cancer therapy in long-term survivors is the development of second cancers [1] . The risk after initial cancer therapy is increased for up to 15 years [2] , while the frequency and type of second cancers vary, depending on treatment, genetic predisposition, and lifestyle factors [3] .
Life expectancy of patients with aggressive non-Hodgkin lymphoma (NHL) has substantially increased since the introduction of novel therapies [4] . Accordingly, NHL survivors are at increased risk for second cancers, such as myelodysplastic syndrome, acute myelocytic leukemia, and several solid tumors. Alkylating chemotherapy, which is substantial in therapy of aggressive lymphomas, has especially been linked to the development of several types of second cancers [1] .
Accordingly, the detection of second cancers in NHL survivors is of growing importance regarding adequate follow-up care, besides identifying a relapse and monitoring nonneoplastic long-term side effects [2] . Current NICE Guidelines reflect this in a long-term follow-up plan for health care professionals [5] .
In the present case, this follow-up procedure confronted us with a particular diagnostic challenge.
Case Report
In January 2016, a 64-year-old asymptomatic male patient presented for his lymphomarelated annual follow-up after he had been treated repeatedly for relapsing diffuse large Bcell lymphoma (DLBCL) between 1996 and 2006. His initial diagnosis of DLBCL in 1996 was made after resection of a stenosing tumor in the ileocecal region. Consecutively, he underwent adjuvant chemotherapy with CHOP (cyclophosphamide, hydroxydoxorubicin, vincristine, prednisone), and remained in remission until 2002. In 2002, he developed a first relapse in a single cervical lymph node, which was successfully treated with curative radiotherapy (40 Gy cumulative dose to the neck and supraclavicular region). A second relapse in both tonsils and inguinal lymph nodes appeared in 2005 and was treated by salvage chemotherapy with R-EPOCH (rituximab, etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin) and subsequent high-dose chemotherapy (cyclophosphamide, carmustine, etoposide) followed by an autologous stem cell retransfusion. Since then, he has been in ongoing third complete remission.
Annual follow-up with ultrasound in 2016 revealed a large tumor of 7 × 7 cm in the right adrenal gland. FDG-PET (fluorodeoxyglucose-positron emission tomography) confirmed an FDG active lesion in the right adrenal gland (SUV 8.3) (Fig. 1 ) and two additional small subpleural lesions of 5 and 19 mm (SUV max. 3.1), located in the lateral segment of the middle lobe.
Based on imagery results, our initial assumption was either primary adrenal carcinoma or metastatic lung cancer, while a relapsed DLBCL was unlikely, due to absence of lymphadenopathy.
Surprisingly, diagnostic biopsy of the adrenal mass and the pulmonary lesions did not reveal any malignant cells, but a granulomatous inflammatory reaction with PAS (periodic acid-Schiff)-positive membranes consistent with parasitic membranes. Particularly, the specimen showed evidence of calcareous corpuscles and small hooks, suspicious of Echinococcus multilocularis. The positive serology with detectable monoclonal antibody Em2G11 and Em18 in immunohistochemistry confirmed the diagnosis of alveolar echinococcosis (AE).
MRI of the upper abdomen detected 3 hepatic lesions, 1 small lesion in segment 7 with infiltrative growth into the right adrenal gland (Fig. 2) , and 2 further satellite lesions in segments 6 and 8.
Treatment with albendazole (2 × 400 mg/day) was administered. In a 2-step procedure, the parasitic lesions were surgically resected, necessitating en bloc adrenalectomy, hemihepatectomy, and resection of the middle lobe of the lung (Fig. 3) . Parasite-free resection margins (R0 resection) were obtained. Postoperatively, the dose of albendazole had to be reduced due to hepatic toxicity. Latest FDG-PET-CT imaging showed no evidence for recurrence 6 months after the operation. Retrospective analysis of previous CT scans revealed the presence of a very small hepatic lesion already 10 years prior to the present manifestation.
Discussion
Cancer survivors are at an increased risk of developing second cancer after treatment with radiotherapy and chemotherapy, even for up to 15 years after initial treatment [2, 6] . Alkylating substances like chlorambucil, ifosfamid, cyclophosphamide, carmustine, lomustine, melphalan, and topoisomerase inhibitors like etoposide are especially linked to the development of second cancers [1] . A US study with 77,823 patients detected an increased relative risk of 1.15 for patients with NHL, while a British study detected an even higher relative risk of 1.4 for DLBCL survivors [6, 7] . In particular, elevated incidences for second cancers have been reported for myelodysplastic syndrome, acute myelocytic leukemia, and several solid tumors like cancer of the lung, bladder, stomach, head and neck, thyroid, skin, mesothelioma and Hodgkin's lymphoma [2, 6, 8] .
Our patient was at increased risk of developing a second cancer due to radiation therapy (40 Gy) and various cytotoxic therapies, most notably with cyclophosphamide, carmustine, and etoposide. Two late relapses and the history of intense treatment justified the long-term follow-up with routine ultrasound as late as 10 years after the third complete remission.
Although imaging findings in the adrenal gland and lungs were highly suspicious of second cancer, we ruled out malignancy histologically.
One remaining, although improbable, differential diagnosis for adrenal tumor was adrenal AE, a parasitic infection caused by the tapeworm E. multilocularis. The parasite E. multilocularis is prevalent in the northern latitudes of Central Europe as well as in Asia and North America. In Germany, about 40 new infections per year occur, while the estimations for Switzerland are between 10 and 20 new infections per year [9, 10] . Infection occurs when eggs of E. multilocularis, usually excreted by foxes, are accidentally ingested by humans. In 99% of all cases, AE is initially located in the liver and spreads into other organs by infiltration or metastasis formation. Such multiorgan disease is described in about 13% of all cases, usually with involvement of the lungs, spleen, or brain [11] . Adrenal AE, however, is rare, while primary adrenal AE is even rarer with only about 7 cases reported in the literature so far [12] [13] [14] .
The first choice of therapy for AE would be radical resection in all cases suitable for total resection [11] . Additional therapy with benzimidazoles (e.g., mebendazole, albendazole) is required for all patients for at least 2 years after complete resection, and for life in all other cases [11] .
The decision for the adequate treatment in this case was compounded by the fact that ultrasound could not fully rule out a potential infiltration of the caval vein, which could have created significant risk and necessitated greater surgical effort. Nevertheless, the patient decided in favor of surgery, the only curative treatment option. Although the intervention was challenging, the surgeon successfully removed the coating Echinococcus covering the caval vein and all infected tissue.
However, how could echinococcosis be mistaken for second cancer in this patient? AE generally shows characteristic morphologic features in ultrasound, CT, and MRI; however, in some rare cases, both morphology and anatomic location can mimic malignant cancer [15] . In our case, the major lesion appeared to be in the adrenal gland, which is an extremely rare primary lesion for AE. Only additional high-resolution liver MRI was able to detect a tiny primary lesion in liver segment 7 with continuous growth into the right adrenal gland.
Conclusion
AE may mimic malignancy both in clinical presentation and radiological imaging. Accordingly, even in seemingly clear cases, vigilance is required for alternative diagnoses. Although echinococcosis is rare, the incidence rate of AE in humans is increasing in Europe and Switzerland, and thus becoming an increasingly probable differential diagnosis. 
Statement of Ethics

